The forced degradation experiments resulted in recovery of 10.3% and 34.5% of the amlodipine signal in acidic conditions and oxidative conditions, respectively. Amlodipine retention time was about 4.4 min, and the peak for amlodipine was clearly separated from peaks for excipients and degradation products, which all eluted between 0.9 and 3.8 min.
The forced degradation experiments resulted in recovery of 10.3% and 34.5% of the amlodipine signal in acidic conditions and oxidative conditions, respectively. Amlodipine retention time was about 4.4 min, and the peak for amlodipine was clearly separated from peaks for excipients and degradation products, which all eluted between 0.9 and 3.8 min.
Throughout the stability study, all of the suspensions could be easily resuspended. No notable change in colour or odour was observed. Formulations prepared from bulk amlodipine besylate and from tablets and stored at 5°C maintained not less than 90% of their initial concentration after 90 days (Tables 1 and 2) . With storage at 25°C, preparations made from bulk powder remained stable for 60 days in both types of storage container, whereas formulations prepared from tablets were stable for 60 days in bottles and 45 days in syringes.
In conclusion, amlodipine besylate suspensions equivalent to 1 mg/mL of amlodipine base in Oral Mix prepared from bulk powder were stable for up to 90 days at 5°C (98.1% remaining in bottles and 97.3% remaining in syringes) and 60 days at 25°C (92.1% remaining in bottles and 91.5% remaining in syringes). Suspensions prepared from tablets were also stable for 90 days at 5°C (99.0% remaining in bottles and 100.0% remaining in syringes), but with storage at 25°C, these suspensions were stable for only 60 days in bottles (94.2% remaining) and 45 days in syringes (91.0% remaining). These results are comparable to the results obtained by Nahata and others 5 using other aqueous vehicles.
INTRODUCTION
Anal fissure is a painful condition associated with hypertonia of the internal anal sphincter. [1] [2] [3] [4] Treatments are aimed at relaxing the internal sphincter, reducing pain, and increasing local blood flow, which stimulates fissure healing. Treatments include hydrocortisone, nitroglycerine, and calcium-channel blockers, such as nifedipine and diltiazem. [5] [6] [7] [8] [9] [10] [11] The choice of base is an important consideration when compounding preparations. Nonaqueous bases such as petrolatum offer better adherence and longer residence time than creams. Furthermore, preparations are typically more stable in nonaqueous bases, because hydrolysis is less likely in the absence of water. 12 For instance, the US Pharmacopeia recommends maximum beyonduse dates (BUDs) in the absence of stability information of not more than 6 months for nonaqueous formulations and not more than 30 days for water-containing topical formulations. 13 Hydrocortisone 2.5% in petrolatum, nifedipine 0.5% in petrolatum, and nitroglycerine 0.2% in petrolatum are not available as commercial formulations, and stability studies for these preparations have not been reported. Currently, pharmacists prepare the formulations and assign a default BUD based on recommendations in General Chapter <795> of the US Pharmacopeia. 13 Formal stability testing is required to determine a BUD based on scientific data.
For the current study, the stability of these 3 preparations, as well as hydrocortisone 2.5% in a cream base, was evaluated over a 12-month period. Hydrocortisone 2.5% in a cream base was chosen for comparison because it is in common use. The nitroglycerine preparation was stored in both polypropylene and glass containers, to allow evaluation of possible sorption on the inside of plastic containers.
METHODS Sample Preparation
Nifedipine 0.5% in petrolatum: Nifedipine USP was accurately weighed and transferred to a glass plate (750 mg; Galenova, Saint-Hyacinthe, Quebec; lot 12345-3344, expiry August 2015). The powder was mixed, using a spatula, with white petrolatum USP to form a uniform smooth paste (3 g; Medisca Pharmaceutique Inc, Montréal, Quebec; lot 51490/B, expiry May 2016). Additional petrolatum was incorporated, in increments, to attain the required final total weight (150 g). The homogeneous, semisolid preparation was packaged in 3 white opaque 50-mL polypropylene containers (30 g per container; Jones Packaging, Brampton, Ontario; lot 16J0505). The 3 containers were stored at 25°C ± 2°C and 60% ± 5% relative humidity in a Forma environ- mental chamber (Thermo Scientific, Rochester, New York). The remaining preparation was used for time zero analysis and then discarded. Nifedipine is known to be photosensitive.
14 Exposure to direct light was avoided by performing manipulations under indirect fluorescent lighting. For manipulations that could not be done in opaque containers, aluminum foil was used to protect the samples from light.
Hydrocortisone 2.5% in petrolatum: This formulation was prepared and packaged as described above, with replacement of nifedipine USP by hydrocortisone USP (3.75 g; Medisca Pharmaceutique Inc; lot 53383/E, expiry October 2015).
Hydrocortisone 2.5% in cream base: This formulation was also prepared as described above, with replacement of white petrolatum USP by the same amount of a cream base (Mediderm, Medisca Pharmaceutique Inc; lot 1125/A, expiry February 2018).
Nitroglycerine 0.2% in petrolatum: Nitroglycerine ointment 2% USP was accurately weighed and then transferred to a glass plate (18 g of Nitrol 2%; Paladin Labs, Montréal, Quebec; lot 472131, expiry July 2016). The ointment was mixed, using a spatula, with white petrolatum USP to form a uniform smooth paste (5 g petrolatum). Additional petrolatum was incorporated, in increments, to attain the required final total weight (180 g). The preparation was packaged in white opaque 50-mL polypropylene containers and in 50-mL amber glass containers (Galenova; product code 2220-1006-0012) and stored as described above for nifedipine.
Organoleptic Evaluation
At time zero and after 1, 2, 3, 6, 9, and 12 months, the content of each container was mixed with a spatula, and the preparations were inspected visually for consistency, colour, and odour changes.
Sample Preparation for High-Performance Liquid Chromatography Analyses
Samples were quantitatively transferred into 1.5-mL centrifuge tubes, and dichloromethane was added (85 mg of test preparation in 900 µL dichloromethane for nifedipine and hydrocortisone samples and in 400 µL dichloromethane for nitroglycerine samples). The tubes were vigorously stirred using a vortex shaker until the ointment was completely solubilized. An aliquot of each solution was then diluted with methanol (100 µL of nifedipine solution with 750 µL of methanol; 100 µL of nitroglycerine solution with 580 µL of methanol; and 20 µL of hydrocortisone solution with 830 µL of methanol) and refrigerated at 5°C for 15 min to precipitate the petrolatum. The supernatant was filtered through a syringe filter (0.45 µm, nylon) and then analyzed by high-performance liquid chromatography (HPLC). Assuming a potency of 100% and a preparation density of 0.9 g/mL, the final concentration of nifedipine, hydrocortisone, or nitroglycerine in the injection samples was 50 µg/mL (calculation example for nifedipine: 0.5% × 85 mg / (85 mg / 900 mg/mL + 0.9 mL) × 0.1 mL / (0.1 mL + 0.75 mL) = 0.050 mg/mL = 50 µg/mL). Each injection was performed in duplicate. Each preparation was independently stored in 3 separate containers, and all containers were tested at all time points. Amber HPLC vials were used for the nifedipine-containing samples.
Calibration Samples
Calibration samples were similarly extracted from fresh mixtures of drug and vehicle to achieve target concentrations of 25, 50, 75, and 100 µg/mL.
Stress Degradation Study
A 5-g sample of each preparation was stored for 3 days at 80°C in a 20-mL scintillation vial. The degraded preparations were sampled as described above and analyzed by HPLC.
HPLC Assay
The HPLC system (Prominence UFLC system, Shimadzu Scientific Instruments, Laval, Quebec) consisted of a vacuum degasser (DGU-20A5), an autosampler (SIL-20AC), a quaternaryflow solvent-delivery system (LC-20AD), a column oven (CTO-20AC), and a diode array detector (SPD-M20A). The exact conditions were optimized for each preparation, as described in Table 1 .
Data Analysis
The chemical stability of each preparation was determined by evaluating the percentage of the initial concentration remaining at each time point. Chemical stability was defined as recovery of not less than 90% of the initial concentration of drug.
RESULTS
The linearity of the HPLC methods was evaluated between 0 and 100 µg/mL. Triplicate injection of the standard solutions resulted in r 2 of 0.9999, 0.9999, and 0.9999 for nifedipine, nitroglycerine, and hydrocortisone in petrolatum, respectively, and r 2 of 0.9998 for hydrocortisone in cream base. The accuracy of each calibration point relative to the regressed curve was between 98.3% and 100.6% for all HPLC analyses.
To evaluate recovery of the sample preparation, extracted samples of nifedipine, nitroglycerine, and hydrocortisone in petrolatum, as well as hydrocortisone in cream base, were compared with solutions of these active ingredients in a 1:1 mixture of methanol and water at a concentration of 50 µg/mL. Extraction recovery was calculated as 107.3% ± 0.5%, 105.9% ± 1.0%, and 107.2% ± 0.1% for samples of nifedipine, nitroglycerine, and hydrocortisone in petrolatum, respectively, and as 96.2% ± 0.1% for hydrocortisone in cream base.
Intraday and interday coefficients of variation were calculated from samples extracted in triplicate from preparations at concentrations equivalent to 50 µg/mL of active ingredient. These samples were evaluated in duplicate on 3 consecutive days. Intraday coefficients of variation calculated from 6 injections on the first day were 1.75%, 0.23%, and 0.86% for nifedipine, nitroglycerine, and hydrocortisone in petrolatum, respectively, and 0.56% for hydrocortisone in cream base. Interday coefficients of variation calculated from the first injection on 3 consecutive days were 0.62%, 0.84%, and 0.15% for nifedipine, nitroglycerine, and hydrocortisone in petrolatum, respectively, and 0.19% for hydrocortisone in cream base.
Degradation samples obtained by heating for 3 days at 80°C (as described above) were analyzed by HPLC. No overlap was observed between the peak for the drug of interest and the degradation peaks for nifedipine ( Figure 1C ; recovery 63.7%) and nitroglycerine ( Figure 1D ; recovery 80.2%), and no degradation products were obtained for hydrocortisone ( Figure 1A ). Because no degradation products were obtained with hydrocortisone under these conditions, the degradation study was repeated using a solution of hydrocortisone prepared at 1 mg/mL in a 1:1 mixture of methanol and water. This solution was submitted to acidic and oxidative conditions for 16 h at 60°C (1 mL of hydrocortisone 1 mg/mL with 1 mL of aqueous hydrochloric acid 1 mol/L or 1 mL of aqueous hydrogen peroxide 3%). After forced degradation under these conditions, the samples were diluted 10-fold using a 1:1 mixture of methanol and water and were analyzed by HPLC. This post hoc experiment allowed the formation of degradation products, which were clearly separated from the main peak; recovery of hydrocortisone was 68.2% and 55.2% under acidic and oxidative conditions, respectively ( Figure 1B) .
The stability results for each preparation are reported in Table  2 . The percentage of drug remaining was calculated relative to the concentration at time zero. All preparations had an initial concentration between 90% and 110% of the target concentration. Furthermore, all preparations in petrolatum remained stable for the entire study period, as indicated by assay values of not less than 90% of the initial concentration. However, the hydrocortisone in cream base preparation was not stable after 3 months (88.7% of initial concentration) and 6 months (81.8%).
DISCUSSION
Hydrocortisone 2.5% in petrolatum, nifedipine 0.5% in petrolatum, and nitroglycerine 0.2% in petrolatum are nonaqueous preparations. They remained stable for at least 1 year when stored at 25°C. Previous reports have highlighted the risk of sorption for Table 2 nitroglycerine stored in plastic containers. 15 However, in the current study, the use of glass containers was not critical to the stability of the nitroglycerine preparation. Most likely, the petrolatum itself acts as an excellent chemical and physical stabilizer for nitroglycerine, as nonrelevant quantities were adsorbed or absorbed by the plastic container.
As expected, the presence of water in the cream base was detrimental to the stability of hydrocortisone. Use of petrolatum will increase the stability of this drug from 2 months to more than 12 months.
Use of hydrocortisone, nitroglycerine, and calcium-channel blockers, including nifedipine and diltiazem, has been reported in the treatment of anal fissures. Pain can be reduced by using steroidal anti-inflammatory agents, such as hydrocortisone. Furthermore, nitroglycerine and nifedipine are potent vasodilatory agents. These 2 drugs can increase local blood flow and stimulate fissure healing. [5] [6] [7] [8] [9] [10] [11] The data presented in the current study confirm the stability of these 3 active ingredients when compounded in petrolatum. From a quality perspective, these results can be used to establish a BUD when dispensing these compounded products to patients.
CONCLUSIONS
Preparations of hydrocortisone 2.5%, nifedipine 0.5%, and nitroglycerine 0.2% in petrolatum remained stable for at least 12 months when packaged in white opaque polypropylene containers. This study provides data to support BUDs for these preparations and will allow compounding pharmacists to provide their patients with quality formulations for the treatment of anal fissures. In contrast, hydrocortisone 2.5% in a cream base remained stable for only 2 months under similar conditions. Most likely, hydrocortisone is subject to hydrolysis when a cream base is used. Representative chromatograms from stability studies of preparations used to treat anal fissures. A: Hydrocortisone preparations in petrolatum and cream base initially (A1 and A2, respectively) and after heating at 80°C for 3 days (A3 and A4, respectively). B: Hydrocortisone standard solution prepared in mobile phase at 50 µg/mL (B1); hydrocortisone sample degraded with hydrochloric acid 1 mol/L (50 µg/mL before degradation, B2); and hydrocortisone sample degraded with hydrogen peroxide 3% (50 µg/mL before degradation, B3). C: Nifedipine preparation in petrolatum initially (C1) and after heating at 80°C for 3 days (C2). D: Nitroglycerine preparation in petrolatum initially (D1) and after heating at 80°C for 3 days (D2).
